INTRODUCTION
The tensile drawing of polymer films with rigid nanoscale coatings is accompanied by the spontane ous development of a unique surface micropattern. Figure 1 presents a typical example of this structuring and shows the development of a regular periodic pat tern and a regular fragmentation of the coating. The main features of the so called rigid coating on soft substratum systems (RCSSs) are a marked difference (several decimal orders of magnitude) between the elastic moduli of a coating and a polymer support and a negligibly low thickness of the rigid coating in com parison with the thickness of the soft substratum. As was found in [1] [2] [3] , there is a correlation between the micropattern parameters and bulk characteristics of a coating and a polymer support. This correlation offers an authentic method for the estimation of the stress-strain characteristics of nanoscale coatings, which are difficult or impossible to estimate through any other methods. The above correlation wasexperi mentally verified mainly in the study of polymer films coated with noble metals (gold, platinum) deposited via ion plasma sputtering [4] .
Despite a good agreement between the theoretical and experimental data, the results reported in [5, 6] showed that speculations on the structure of the RCSSs based on noble metals and polymers disregard their actual structural features. It was shown in [7] that the development of a regular periodic pattern and a regular fragmentation of the coating are observed also when ion plasma deposition does not lead to forma Abstract-The surface of several plasma treated polymers after their tensile drawing is examined by micro scopic study. This process is accompanied by the development of a surface micropattern that is characteristic of the rigid coating on a soft substratum system. The modified surface layer forms even during short time plasma treatment (less than one minute). Treatment of the polymer and any further treatment insignificantly changes its mechanical properties. The mechanical characteristics (breaking strength and the elongation at break) of the plasma modified surface PET layers are quantitatively estimated, and these characteristics are shown to be sensitive to the physical state of the polymer support. DOI: 10.1134/S0965545X10080043 STRUCTURE AND PROPERTIES 6 μm Fig. 1 . SEM image of the PET sample with a thin (20 nm) gold coating after tensile drawing by 50% at 85°С at a strain rate of 50 mm/min. The arrow shows the direction of tensile drawing. tion of a continuous metallic layer on the polymer sur face. At the same time, according to [8] , when a metal is deposited via thermal sputtering, fragmentation of the surface layer does not occur if the deposited coat ing is not uniform and continuous. This difference is likely related to the fact that metal deposition via ion plasma sputtering is accompanied by cold plasma sur face treatment of the polymer sample. The data obtained in [7] make it possible to assume that it is plasma treatment of the polymer that is responsible for the development of the above mode of surface struc turing when no continuous metallic coating forms on the polymer surface. This conclusion was confirmed experimentally in our recent paper [9] .
Therefore, the objectives of this study are to exam ine surface structuring due to the tensile drawing of plasma treated polymer films and to estimate their stress-strain characteristics because they have remained unstudied owing to the absence of any reli able method for their analysis.
EXPERIMENTAL
We used commercial films of amorphous unori ented PET (100 μm thick), PVC (80 μm), LDPE (100 μm), and isoprene rubber (500 μm). The samples were cut from the films as dumbbell shaped specimens with a gage length of 6 × 22 mm, which were then treated with cold plasma on an Eiko IB 3 ion instru ment. The conditions of treatment were as follows: air as a working gas, an ionization voltage of 1.4 kV, an ionization current of 2 mA, and an operating vacuum of 0.2 mmHg. The duration of plasma treatment was varied from 1 to 12 min. The treated samples were stretched on an Instron 1122 tensile machine with a constant strain rate of 10 mm/min at 20 and 90°С. Microscopic studies were performed on a Hitachi S 520 scanning electron microscope, a Nanoscope IIIa atomic force microscope (Digital Instruments, Santa Barbara, United States) in the contact force scanning mode, and a LEO 912AB transmission elec tron microscope. In the latter case, we studied ultrathin polymer sections cut with a diamond knife on a Reichert Jung microtome. The strength of the deposited coatings was estimated from the relationship σ* = Lσ 0 /3h, ( 1 ) where L is the width of fractured fragments, h is the thickness of the coating, σ* is the strength of the coat ing, and σ 0 is the stress on the support.
The strain of the polymer surface layer after its ten sile drawing was estimated through the relationship
Here, ε coat is the irreversible (plastic) strain of the coating, L coat is the summed length of fractured frag ments of the coating along the direction of tensile drawing of the polymer support, L tot is the length of part of the sample where the L coat values are measured,
and λ polym is the strain of the polymer set by tensile machine. The calculation procedure was described in detail in [10] .
RESULTS AND DISCUSSION
It is well known that cold plasma treatment leads to chemical modification of the polymer surface. This phenomenon has been studied in detail and is widely used in practice [11] . The effect of plasma on a poly mer surface is mostly used for modification of contact characteristics (wettability, adhesion to thin metallic layers, adhesiveness, controlled adhesion of dyes in printing, etc.). Nowadays, it is evident that the plasma treatment of polymers results in the development of modified nanoscale layers on their surface. These lay ers are characterized by a specific chemical composi tion and specific physicochemical, electrical, and other properties.
Obviously, the stress-strain characteristics of plasma modified polymer nanolayers should be differ ent from the characteristics of the initial unmodified polymer. Figure 2 presents the AFM image of the sur face of the PET film after its plasma treatment for 1 min and tensile drawing at 90°С by 50% (Fig. 2a) , its three dimensional reconstruction (Fig. 2b) , and the corresponding profilogram (Fig. 2c) . From Figure 2 it follows that the tensile drawing of the plasma treated polymer films is accompanied by surface structuring that is practically the same as that observed during ten sile drawing of polymer films with a thin metallic coat ing. Note that this micropattern is similar to that formed during tensile drawing of the same polymer with a metal coating (Figs. 1, 2) . In both cases, a reg ular micropattern and a regular fragmentation of the polymer surface layer are clearly seen. This similarity is evidence that, in both cases, surface structuring and related rearrangements are provided by similar mech anisms.
The observed phenomenon of surface structuring during tensile drawing of the cold plasma treated polymers shows a general character. This conclusion is confirmed by electron microscopy data for PVC (Fig. 3a) , LDPE (Fig. 3b) , and polybutadiene rubber (Fig. 3c) . Regardless of the nature of the used poly mers, in all cases, uniaxial tensile drawing is accompa nied by formation of a folded pattern and fragmenta tion of the surface layer.
Let us consider how the duration of plasma treat ment affects the dimensions of a fractured fragment that serves as a basis for the estimation of such an important characteristic as strength (Eq. (1)). Figure 4 illustrates the relationship between the average dimen sions of fractured fragments of the PET surface layer after its plasma treatment for different periods and tensile drawing of the polymer support at 20 and 90°С. For comparison, the same figures show the corre sponding dependences of the dimensions of the frag ments of the gold coating on the duration of deposi
